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Frequently, we are asked to explain the “Science Behind Lasers”. We prepared this 
E-book as a Primer.  We do not discuss specific lasers or manufacturers.  We would be
happy to answer any questions you may have.  Our contact information is shown in the
Author Biographies.

advanced laser technology and therapy pushes the boundaries of biology, physics 
and technology.  The technologies generate effective, deep-penetrating photo-
biostimulation coupled with photo-biomodulation mechanisms achieving sustained 
pain relief, reduction of inflammation, accelerated tissue healing coupled with 
dramatic range of motion increase.  

Flooding damaged inflamed tissues with light photons, energizes, promotes increased 
blood flow, as well as production of pain reduction chemicals such as endorphins 
and enkephalins from the brain and adrenal glands.  The result is significantly better 
oxygenation promoting faster recovery of damaged cells, pain relief with a cascade of 
healing mechanisms of action the body naturally employs.

Please learn more by reading the e-book.
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BIOLOgIcAL EFFEcTs OF ThE laser In DETAIL

Laser Therapy has an anti-edema effect, causing vasodilatation, 
activation of the lymphatic drainage system (drains swollen areas).   
Resulting in the reduction of swelling from bruising or inflammation.

Laser Therapy has highly beneficial effects on nerve cells, blocking 
pain signals transmitted to the brain, decreasing nerve sensitivity 
and inflammation.  Less edema, less pain.   Production of pain killing 
chemicals such as endorphins and enkephalins from the brain and 
adrenal gland are increased.

Photons of light from lasers penetrate deeply into tissue accelerating 
cellular reproduction and growth. laser light increases the intake 
ability of the cells enabling quicker absorption of nutrients while 
eliminating waste products.

Laser light has a direct effect on immunity status by stimulation 
of immunoglobulins and lymphocytes. laser therapy is absorbed 
by chromophores (molecule enzymes) that react to laser light. The 
enzyme flavomono-nucleotide is activated enabling production of 
atP (adenosine triphosphate), a major carrier of cell energy and the 
energy source for all chemical reactions in the cells.

laser light increases the process of nerve cell reconnection.  
Increases the amplitude of action potentials (human body’s own 
mechanisms of actions) to optimize nerve regeneration.

Laser light significantly increases formation of new capillaries in 
damaged tissue, accelerating the healing process while reducing 
scar tissue.  acceleration of angiogenesis, causing temporary 
vasodilation, an increase in the diameter of blood vessels.

Laser Therapy creates increased output of specific enzymes, and 
increased oxygen for blood cells.

laser therapy reduces the formation of scar tissue following tissue 
damage from cuts, scratches, burns, surgery and much more. 

laser therapy dramatically stimulates muscle trigger points and 
acupuncture points non-invasively providing musculoskeletal pain 
relief. 

Anti-Inflammation

Anti-Pain 
(Analgesic)

Accelerated Tissue 
Repair and Cell Growth

Immunoregulation

Improved Nerve 
Function

Improved Vascular 
Activity

Reduced Fibrous Tissue 
Formation (Scars)

Increased Metabolic 
Activity

Trigger Points and 
Acupuncture Points
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absorption OF LAsER EnERgy

Water, melanin and hemoglobin 
are penetrated differently at 
various wavelengths.  there is a 
therapeutic Window for optimal 
results. 

the bottom chart demonstrates 
that the range is between 600 nm 
and 1200 nm.
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not all of the photons of energy are going to be absorbed by the body.  Some will be 
scattered, reflected, deflected or transmitted through the body.  Laser energy needs 
to be absorbed to begin the cascade of helpful effects.  studies have shown that 
approximately 66% of all energy applied does not move past the layers of the skin.  In 
addition, for each centimeter that the energy penetrates, it loses approximately 50% 
of its power.  To effectively treat deep-seated pathologies we need to start with a
sufficiently high level of power.  The following chart shows laser tissue interactions.

the biophysical process of laser absorption into 
cells of the soft or hard tissue is identical, except 
that with a suitable selection of wavelength and 
pulse energies, virtually all laser energy can be 
converted into bioelectronic and biochemical 
energy, thus avoiding tissue damage by heating. 
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WAVELENGTH AND ENERGY BOTH MATTER

The good news is that laser energy expands as it enters the body.   
Therefore, treating various areas of the body will spread the photons to 

surrounding tissues. Note the effect in the photo on the right. 

laser photons must reach the injured tissue 
(high peak power necessary).

laser photons must be absorbed by cytochrome 
c protein (proper wavelength necessary).
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laser BIOPhysIcs

the photonic to electronic conversion occurs in the mitochondria of cells via the 
enzyme, cytochrome c oxidase, which is one of the main intracellular chromophores.  
cytochrome c oxidase is a large membrane protein of considerable complexity that 
catalyzes the final step in the mitochondrial respiratory chain (i.e., in the transfer of 
electrons to molecular oxygen causing its chemical reduction into water).

Stem Cells to the Rescue  
adult stem cells are transformed 
into the needed types of cells to 
help repair or replace damaged 
cells. Osteogenesis for bone, 
Myogenesis for muscular tissue and 
Chondrogenesis for cartilage.

Cell Differentiation

● cytochrome c protein is the
main photon absorber in the
cellular mitochondria.

● cytochrome c drives the
production of atP.
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Photochemical Process:  
(Cells and tissues functioning normally are not affected)
Photons are absorbed into the mitochondria and 
cell membrane within cytochromes and porphyrin.  
Reactive Oxygen species, specifically, singlet oxygen 
is produced resulting in changes in membrane 
permeability.  ATP is synthesized and DnA produced.  
causing a change in cell metabolism from a depressed 
rate to a normal state.  then, selective bio-stimulatory 
effects occur on impaired cells.

Photons:
all light is composed of photons.  
Photons are small packets of light energy, in 
the form of waves with defined length and 
frequency. 
Photon energy effectively penetrates the skin 
and underlying structures, accelerating the 
body’s natural healing process. 
laser light holds its intensity until it is 
absorbed by a medium (tissue, cells, water, 
blood, muscles etc). 
When applied to an organism, laser light 
stimulates natural metabolic processes at 
the cellular level.

Chromophores: 
Role of chromophores:  chromophores are 
components of various cells and sub-cellular 
organelles, which absorb light.   
The stimulation of chromophores on 
mitochondrial membranes incites the 
production of atP.

Photochemical Action: 
Studies show when lasers irradiate tissue 
cultures, enzymes within cells absorb energy 
from laser light. 
visible (red) light and near Infrared (nIR) are 
absorbed within the mitochondria and cell 
membrane. 
Producing higher adenosine triphosphate 
(atP) levels increasing dna production, lead 
to an increase in the body’s natural cascade 
of healing properties culminating in cellular 
health, production, energy and repair. 
lasers have been shown to reduce pain 
and inflammation while stimulating nerve 
regeneration, muscle relaxation and a 
cascade of the body’s natural immune 
system response. 
Lasers have little to no effect on normal 
tissues.  Photons of light are only absorbed 
and utilized by the cells that need assistance 
and repair or regeneration. 

BEnEFIcIAL REsULTs
 Increases cellular energy levels.
 allows pain relief.
 accelerates cellular healing.
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SuMMARY OF LIGHT INDuCED, ANTI INFLAMMATORY RESPONSES

Stabilization of the cellular 
membrane 
a) ca++, na+ and K+
concentrations, proton gradient
over the mitochondria membrane
are positively influenced.

b) accomplished in part, by the
production of beneficial Reactive
oxygen Species (roS).

c) ROs’s modulate intracellular
ca++ concentrations while Laser
Therapy improves ca++ uptake in
the mitochondria.

Acceleration of leukocytic 
activity 
a) Beneficial acceleration of
leukocytic activity, resulting in
enhanced removal of non-viable
cellular and tissue components.

b) Influencing rapid repair and
regeneration.

Enhanced lymphocyte 
response 
a) In addition to increasing the
number of lymphocytes, laser
irradiation mediates the action
of both lymphatic helper t-cells
and suppressor t-cells in the
inflammatory response.

b) Along with laser modification
of beta cell activity, the entire
lymphatic response is beneficially
affected by Laser Therapy.

Enhancement of ATP 
production and synthesis 
a) atP production and synthesis
are significantly enhanced/
increased, contributing to
cellular repair, reproduction and
functional ability.

b) Photonic stimulation of
cytochrome c oxidase, a
chromophore found on the
mitochondria of cells, plays a
major role in this rapid increase in
production and synthesis of atP.

Increased prostaglandin 
synthesis
Prostaglandins have a 
vasodilating and anti-
inflammatory mechanism of 
action.

Increased angiogenesis
Both blood capillaries and 
lymphatic capillaries have 
been clinically documented to 
undergo significant increase and 
regeneration in the presence of 
laser irradiation.

Enhanced superoxide 
dismutase (SOD) levels
laser stimulated increases in 
cytokine Sod levels interact with 
other anti-inflammatory processes 
to accelerate the termination of 
the inflammatory process.

Reduction in interleukin 1
laser irradiation has a reducing 
effect on this pro-inflammatory 
cytokine that has been implicated 
in the pathogenesis of rheumatoid 
arthritis and other inflammatory 
conditions. 

Temperature modulation
a) Areas of inflammation typically
demonstrate temperature
variations, with the inflamed
portion having an elevated
temperature.

b) laser therapy has been
shown to accelerate temperature
normalization, demonstrating
a beneficial influence on the
inflammatory process.

Decreased C-reactive 
protein and neopterin 
levels
laser therapy has been shown 
to lower the serum levels of these 
inflammation markers, particularly 
in rheumatoid arthritis patients.

Stimulation of vasodilation
a) Vasodilation is stimulated via
an increase in histamine, nitric
oxide (no) and Serotonin levels,
resulting in reduction of ischemia
and improved perfusion.

b) laser-mediated vasodilation
enhances the transport of
nutrients and oxygen to the
damaged cells facilitating repair
and removal of cellular debris.
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BOTTOM LInE BEnEFITs 
of laSer theraPy

 Increased synthesis of ATP, RnA and DnA
 Increased tissue oxygenation and nutrition
 Increased rate of tissue regeneration
 Increased range of motion

SuMMARY OF LIGHT INDuCED, ANALGESIC RESPONSES 

Increase in  
beta-endorphins 

The localized and systemic 
increase of endogenous 
peptides after laser therapy 
irradiation has been clinically 
reported in multiple studies to 
promote pain reduction. 

Ion channel 
normalization 

Photobiomodulation promotes 
normalization in ca++, nA+ 
and K+ concentrations, 
resulting in pain reduction 
as a result of these ion 
concentration shifts. 

Increased release 
of acetylcholine 

Increasing the available 
acetylcholine, laser therapy 
helps in normalizing nerve 
signal transmission in the 
autonomic, somatic and 
sensory neural pathways. 

Increased nitric  
oxide production 

a) nitric oxide has both a
direct and indirect impact
on pain sensation. as
a neurotransmitter, it is
essential for normal nerve cell
action potential in impulse
transmission activity.

b) Indirectly, the vasodilatation
effect of nitric oxide enhances 
nerve cell perfusion and 
oxygenation. 

Blocked depolarization 
of C-fiber afferent 
nerves 

a) Pain blocking effects of
therapeutic lasers can be
pronounced, particularly in low
velocity neural pathways, such
as non-myelinated afferent
axons from nociceptors.

b) laser irradiation suppresses
the excitation of these fibers in
the afferent sensory pathway.

Axonal sprouting and nerve cell regeneration 
a) Several studies have documented the ability of
laser therapy to induce axonal sprouting and some
nerve regeneration in damaged nerve tissues.

b) where pain sensation is being magnified due
to nerve structure damage, cell regeneration and 
sprouting may assist in reducing pain. 

Decreased 
bradykinin levels 

Bradykinins elicit pain by 
stimulating nociceptive 
afferents in the skin and 
viscera, mitigation of elevated 
levels through laser therapy 
can result in pain reduction. 









Increased nerve cell 
action potentials

a) healthy nerve cells tend
to operate at about -60mV,
and fire at about -20 mv.
compromised cell membranes
have a lowered threshold as
their resting potentials average
around the -40 mV range.

b) that means that normal
non-noxious activities produce
pain.

c) Laser Therapy normalizes
the body’s electrical system
and/or charging cells back to
-60 mV range.
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It is our hope that we have explained how lasers work.  we are always happy to 
answer your questions or discuss how a laser might work with the conditions you 
see in your practice.

MIchAEL BERMAn
Michael is a Partner at Berman Medical Lasers, LLC
a medical device sales, service and marketing company.
Berman Medical Lasers specializes in new, demonstration
and pre-owned continuous wave/ pulse and superpulsed 
therapeutic lasers.  Berman Medical Lasers partners have 
helped hundreds of doctors acquire the appropriate laser
for their particular offices and patient demographic, vastly
improving their patients sustained outcomes and increasing 
revenue.

EMAIL michael@bermanmedicallasers.com 

Phone 609.254.9329

For new Lasers    bermanmedicallasers.com
For Used Lasers   usedlaserscenter.com

ROB BERMAN
Rob is a Partner at Berman Partners, LLC a medical device 
sales, service and marketing company.  Berman Partners 
specializes in new and pre-owned continuous wave and 
superpulsed therapeutic lasers.  Our Partners have helped 
hundreds of doctors improve patient outcomes and 
increase revenue.  He has an MBA in Marketing from 
Boston University.

EMAIL rob@bermanpartners.com
PHONE 860.707.4220
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